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LQJHQHUDO'LVWUDFWLRQPD\EHYLVXDO FRJQLWLYHELRPHFKDQLFDODQGDXGLWRU\ 5DQQH\HW DO$Q
















ZLWK SDVVHQJHUV XVLQJ PRELOH SKRQHV HWF ,Q WKH VHFRQG FDWHJRU\ RQH ILQGV VRPH YHU\ LPSRUWDQW
SRWHQWLDO VRXUFHVRI GULYHU GLVWUDFWLRQ$FRPSOH[ XUEDQ HQYLURQPHQWZLWKPRUH DQGPRUH LQIRUPDWLRQ
DGGHG WR LW FRQIXVHV WKH GULYHU ,Q WKH FDVH RI FDXVHV UHODWHG WR DGYHUWLVLQJ LW VKRXOG EH SDUWLFXODUO\
HPSKDVL]HGWKDWWKHSXUSRVHRIWKHLUSUHVHQFHDWVRPHSRLQWDWWKHURDGVLGHRUHYHQLQDPRYLQJYHKLFOH
LQ WKH URDG LV WR FDSWXUH WKH GULYHU¶V JD]H LQ RUGHU IRU KLPKHU WR GHYRWH WKH UHTXLUHG WLPH VR DV WR
DVVLPLODWHWKHLQIRUPDWLRQREWDLQHG5RDGVLGHDGYHUWLVLQJELOOERDUGVDUHGHVLJQHGE\WKHLUYHU\QDWXUHWR
DWWUDFW DWWHQWLRQ ± RQH FRPSDQ\ ZZZDGYHUWLVLQJRQPRWRUZD\VFRXN FODLPV WKDW PRUH WKDQ 






7KH LPSRUWDQFHRI WKLV LVVXHHPHUJHVIURPGDWDZKLFKVKRZVGLVWUDFWLRQ IURPD VHFRQGDU\ WDVNDVD
FDXVHRI VHULRXVDFFLGHQWVDVZHOO DVFUDVKHV$FKDUDFWHULVWLF UHVHDUFKZDVFDUULHGRXWE\ WKH9LUJLQLD
7HFK7UDQVSRUWDWLRQ,QVWLWXWH 977,IRU1+76$WKH³&DU1DWXUDOLVWLF'ULYLQJ6WXG\´.ODXHUHW
DO  'XULQJ WKH &DU 1DWXUDOLVWLF 'ULYLQJ 6WXG\ GULYHU LQYROYHPHQW LQ VHFRQGDU\ WDVNV
FRQWULEXWHG WRRYHUSHUFHQW RI DOO FUDVKHV DQG QHDUFUDVKHV UHFRUGHGGXULQJ WKH VWXG\SHULRG7KHVH
VHFRQGDU\ WDVNVZKLFK FDQ GLVWUDFW WKH GULYHU IURP WKH SULPDU\ WDVN RI GULYLQJ VWHHULQJ DFFHOHUDWLQJ
EUDNLQJ VSHHG FKRLFH ODQH FKRLFHPDQRHXYULQJ LQ WUDIILF QDYLJDWLRQ WR GHVWLQDWLRQ DQG VFDQQLQJ IRU
KD]DUGV DUHPDQLIROG DQG LQFOXGH VXFK WKLQJV DV HDWLQJGULQNLQJ JURRPLQJ UHDGLQJ ELOOERDUGV XVLQJ
DQG DGMXVWLQJ LQYHKLFOH HQWHUWDLQPHQW GHYLFHV FRQYHUVDWLRQ ZLWK SDVVHQJHUV YLHZLQJ WKH VFHQHU\
WHQGLQJ WR FKLOGUHQ DQG SHWV VPRNLQJ FHOO SKRQH XVH DQG UHODWHG FRQYHUVDWLRQ XVH RI RWKHU ZLUHOHVV
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FRPPXQLFDWLRQGHYLFHVDQGQRWHWDNLQJWRQDPHDIHZ+HGOXQGHWDO1RWDOOGLVWUDFWHUVLQYROYH
VHFRQGDU\ WDVNV LQLWLDWHGE\GULYHU±WKH\FDQEHHYHQWVREMHFWVDFWLYLWLHVRUSHRSOHERWK LQVLGHRXWVLGH
WKHYHKLFOH 7DVFD $W WKLV SRLQW LW VKRXOGEHQRWHG WKDW DV QHDU FUDVK LV GHILQHG WKH VXEMHFWLYH
MXGJPHQWRIDQ\FLUFXPVWDQFHWKDWUHTXLUHVEXWLVQRWOLPLWHGWRDUDSLGHYDVLYHPDQHXYHUE\WKHVXEMHFW
YHKLFOHRUDQ\RWKHUYHKLFOHSHGHVWULDQF\FOLVWRUDQLPDOWRDYRLGDFUDVK$UDSLGHYDVLYHPDQHXYHULV
GHILQHG DV D VWHHULQJ EUDNLQJ DFFHOHUDWLQJ RU DQ\ FRPELQDWLRQ RI FRQWURO LQSXWV WKDW DSSURDFKHV WKH
OLPLWV RI WKH YHKLFOH FDSDELOLWLHV .ODXHU HW DO  7KH VWDWLVWLFV DUH FRQILUPHG E\ WKH GDWD IURP
DFFLGHQWV LQPDQ\FRXQWULHV HJ DFFLGHQWGDWD IURP8QLWHG6WDWHV LQ 1+76$DQG*UHHN
3ROLFHIRUDQG*UHHN3ROLFHGHVSLWHWKHIDFWWKDWDODUJHSHUFHQWDJHRIWKHVHDFFLGHQWV
LVUHSRUWHGDVDQDFFLGHQWRIDQXQNQRZQFDXVHHLWKHUEHFDXVHRIDQLQFRUUHFWUHJLVWHUE\WKHSROLFHRUDQ
LQFRUUHFW WHVWLPRQ\ IURP WKH SDUWLFLSDQWV LQ WKH DFFLGHQW 7KHRIILFLDO VWDWLVWLFV SXEOLVKHGE\ WKH*UHHN
3ROLFH IRU WKH ILUVW VHPHVWHU RI  DQG  JLYH WR GULYHU GLVWUDFWLRQ KLJK UDQNLQJ DPRQJ DOO RWKHU
DFFLGHQW FDXVHV7KLV LV DQ LQWHUHVWLQJ HOHPHQW DV LW GHPRQVWUDWHV WKH GULYHU GLVWUDFWLRQ SUREOHP LQ WKH
FRXQWU\ZKHUHWKHUHVHDUFKWDNHVSODFH0RUHVSHFLILFRIWKHWRWDORIDFFLGHQWVDFURVVWKHFRXQWU\
LQ   RI WKHPZHUH GXH WR WKH GULYHU¶V GLVWUDFWLRQ 6LPLODUO\ IURP WKH  DFFLGHQWV WKDW
RFFXUUHGGXULQJWKHILUVWVHPHVWHURIDFFLGHQWVZHUHGXHWRGULYHU¶VGLVWUDFWLRQ

3DUWLFXODUO\ IRU ELOOERDUGV LQ WKH &UXQGDOO HW DO VWXG\  LV VXSSRUWHG WKDW WKRXJK LW LV
DFNQRZOHGJHGWKDWUHVHDUFKLQWRDGYHUWLVHPHQWGLVWUDFWLRQKDVEHHQH[WUHPHO\OLPLWHG%HLMHUHWDO
WKHIHZVWXGLHVWKDWKDYHEHHQFRQGXFWHGKDYHGHPRQVWUDWHGWKDWGULYHUVGRORRNDWDQGSURFHVVURDGVLGH
DGYHUWLVHPHQWV +XJKHV DQG&ROH  DQG WKDW IL[DWLRQV XSRQ DGYHUWLVHPHQWV FDQ EHPDGH DW VKRUW
KHDGZD\VRU LQ RWKHU XQVDIH FLUFXPVWDQFHV 6PLOH\ HW DO 3UHYLRXV VWXGLHVRI DFFLGHQW VWDWLVWLFV
KDYHDOVRLGHQWLILHGH[WHUQDOGLVWUDFWRUV LQFOXGLQJDGYHUWLVHPHQWVDVDVLJQLILFDQWVHOIUHSRUWHGFDXVHRI
WUDIILF DFFLGHQWV 6WXWWV HW DO  3DUWLFXODUO\ IRU URDGVLGH GLVWUDFWRUV HYLGHQFH LV PRXQWLQJ WKDW
URDGVLGHGLVWUDFWLRQVDQGDGYHUWLVLQJLQSDUWLFXODUSUHVHQWDµVPDOOEXWVLJQLILFDQW¶ULVNWRGULYLQJVDIHW\












SURGXFHV7KHVHHIIHFWVFDQEHJD]HGHFOLQDWLRQIURPWKHGULYLQJ WDVN IRUD WLPH LQWHUYDOFRQVLGHUHGDV
GDQJHURXV ORVV RI FRQWURO VSHHG FKDQJHV H[LW IURP WKH ODQH OLQHV DQG ILQDOO\ FUDVKHV7KH HIIHFWV RI
GLVWUDFWLRQFDQEHPHDVXUHGXVLQJPDQ\GLIIHUHQWPHWKRGV+RZHYHULQRUGHUWRFROOHFWWKHGDWDUHTXLUHG
WKH XVH RI VWDQGDUGL]HG PHWKRGV RI GDWD FROOHFWLRQ DV ZHOO DV VSHFLILFDWLRQ GLVWUDFWLRQ GHILQLWLRQV LV




7KLV DLP FDQ EH DFKLHYHG YLD D FRPSDUDWLYH VWXG\ EHWZHHQ WKH DOORFDWHG PHWKRGV H[DPLQLQJ WKH
DGYDQWDJHVDQGGLVDGYDQWDJHVRIHYHU\PHWKRGVHSDUDWHO\DVZHOODVWKHXVHIXOQHVVDQGQHFHVVLW\RIWKH
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UHVXOWV WKDW HYHU\ RQH RI WKHP SURGXFHV (TXDOO\ LPSRUWDQW LV WKH DFFHSWDQFH RU WKH UHMHFWLRQ RI HDFK














WKH LQIOXHQFH WKDW FHUWDLQ IDFWRUV KDYH RQ GULYHU¶V DWWHQWLRQ IRFXVLQJ RQ WKH UROH SOD\HG E\ URDGVLGH
DGYHUWLVLQJLQ*UHHFHDVDSDUDPHWHURIWKHGLVWUDFWLRQRIWKHGULYHU¶VDWWHQWLRQ,QDSUHYLRXVVWXG\(OLRX
	0LVRNHIDORX D WU\ZDVPDGH WRREMHFWLYHO\DVVHVVDOO WKHDYDLODEOHPHWKRGV IRU WKLVSXUSRVH
7KXVWKHZULWHUVFRQFOXGHGWRWKHVHOHFWLRQRIWKHPRVWDSSURSULDWHPHWKRGPRVWO\E\UHMHFWLQJVRPHRI
WKHP EHFDXVH RI WKHLU VHULRXV GLVDGYDQWDJHV 7KH PHWKRG FRQVLGHUHG WKH PRVW DSSURSULDWH LV DQ
REVHUYDWLRQDOQDWXUDOLVWLF VWXG\ ZKLFK WDNHV SODFH LQ WKH ILHOG XVLQJ VSHFLDOO\ HTXLSSHG YHKLFOHV ZLWK
UHJDUG WR UHFRUG WKHGULYHU¶VH\HPRYHPHQWV LQRUGHU WRPHDVXUH WKH IUHTXHQF\DQG WKHGXUDWLRQRI WKH
JODQFHVDWHYHU\REMHFWFRQVLGHUHGSRWHQWLDOVRXUFHRIYLVXDOGLVWUDFWLRQ

7KH FKRVHQ PHWKRG LV FRQVLGHUHG WKH PRVW IHDVLEOH DV WKH DYDLODEOH HTXLSPHQW )DFHODE PDFKLQH
FRQVLVWLQJRIFDPHUDVDQGPRWLRQVHQVRUVLVFDSDEOHRIPDNLQJFRQWLQXRXVGDWDUHFRUGLQJIRUDVHOHFWHG
URXWH 7KHPDLQ DGYDQWDJH LV WKDW ZLWK WKLVPHWKRG LQ FRQWUDVW ZLWK DOO WKH RWKHUV FDWHJRULHV GULYLQJ
FRPHVDVFORVH WR WKH UHDO WKLQJDVSRVVLEOHZKLFK LV LPSRUWDQW IRU WKH UHVHDUFKZKHQZHVWXG\KXPDQ
UHDFWLRQV1DWXUDOO\ WKHUHDUH VRPH OLPLWDWLRQVERWK LQGHVLJQLQJDQGFDUU\LQJRXW WKHH[SHULPHQW7KH





&DSWLY VRIWZDUHZKLFK LVFRPSDWLEOHZLWK)DFH/DE/ZDVXVHG IRU WKHDQDO\VLV RI WKH UHVXOWV
7KLVVRIWZDUHJLYHVWKHRSSRUWXQLW\WRDQDO\]HWKHGDWDLQGHWDLOE\UHFRUGLQJWKHVSHFLILFSRLQWRQZKLFK
JD]HIRFXVHVDWHYHU\VLQJOHPRPHQW7KLVLVSRVVLEOHE\LQVHUWLQJLQ&DSWLYWKHYLGHRVWKDWZDVSURGXFHG
E\ WKH )DFHODEPDFKLQH $IWHU WKDW LW WDNHV SODFH DQ DQDO\VLV RI WKH GULYHU¶V JD]H0RUH VSHFLILF WKH
DQDO\VWIRFXVHVKLVLQWHUHVWLQVSHFLILFSRLQWVRIWKHURXWHLQWKDWFDVHLQELOOERDUGVDQGKHHVWLPDWHVWKH
WRWDOWLPHWKDWWKHELOOERDUGFDSWXUHGGULYHU¶VJD]HGXULQJGULYLQJ$WWKLVSRLQWLWVKRXOGEHQRWHGWKDWDV
GLVWUDFWLRQ LQ WKLV VWXG\ LV FRQVLGHUHG WKH FRQWLQXRXV RU LQWHUPLWWHQW EXW UHSHDWHG FDSWXUH RI WKH JD]H
IURPDWKHPHIRUORQJHUWKDQDWRWDORIWZRVHFRQGVDVJODQFHVWKDWODVWPRUHWKDQWKLVWLPHDUHUHODWHGWR
GULYLQJ HUURUV 5RFNZHOO  7KH RXWSXW YLGHR VKRXOG DOZD\V EH DQDO\]HG E\ VSHFLDOO\ WUDLQHG
UHVHDUFKHUVEHFDXVHEHVLGHVWKHLQFUHDVHGSHUIRUPDQFHUHTXLUHPHQWVRIWKHSURJUDPLWLVYHU\LPSRUWDQW






8VLQJYROXQWHHUGULYHUVZKRDUH UHTXLUHG WRGULYHDFDURQ WKH7KHVVDORQLNL¶V5LQJ5RDGXQGHU WKH
VXSHUYLVLRQRIWKHUHVHDUFKHUZKRZDVDOZD\VLQWKHSDVVHQJHUVHDWFKHFNLQJWKHSURSHUIXQFWLRQRIWKH
V\VWHP WKH REWDLQHG UHVXOWV DUH FKDUDFWHUL]HG E\ D KLJK GHJUHH RI UHOLDELOLW\ DQG YDOLGLW\ 7HQ GULYHUV
SDUWLFLSDWHG LQ WKH VXUYH\ PDOHV  IHPDOHV7KHGULYHUVZHUH VHOHFWHGZLWK FULWHULRQ WKHLU DJH7KH
VHOHFWHGGULYHUVEHORQJWRWKHVDPHDJHJURXSPHDQDJH \HDUVUDQJH WR\HDUV$OOGULYHUV
ZHUH IDPLOLDUZLWK WKHURDGDV WKH\XVH LW LQDGDLO\EDVLVEXW WKHVXEMHFWRI WKHVWXG\ZDVFRPSOHWHO\
XQNQRZQWRWKHP1RQHRIWKHSDUWLFLSDQWVKDGSUHYLRXVH[SHULHQFHZLWKWKHUHFRUGLQJV\VWHP(DFKRQH







7KH UHVHDUFK WRRN SODFH IURP -DQXDU\  WR$SULO  LQ7KHVVDORQLNL¶V 5LQJ5RDGZKLFK LV D
VXEXUEDQ URDG7KH VHOHFWHG VHFWLRQRI WKH URDG IRU WKH VWXG\ LV WKH HDVW VHFWLRQ7KH ,QQHU(DVW5LQJ
5RDG VHUYHV D ODUJH SURSRUWLRQ RI 7KHVVDORQLNL¶V FLWL]HQV DQG LW LV XVHG RQ D GDLO\ EDVLV E\ D ODUJH
QXPEHURIYHKLFOHVLQRUGHUWRE\SDVVWKHXUEDQIDEULF

7KHVVDORQLNL¶V ,QQHU(DVW 5LQJ 5RDG ZDV GHVLJQHG LQ  DV D PRWRUZD\ E\ WKH WKHQDSSOLFDEOH
UHJXODWLRQV ZLWK JHRPHWULF GHVLJQ IHDWXUHV GHVLJQ VSHHG NPK VSHHG NPK  ODQHV LQ HDFK
GLUHFWLRQZLWKDZLGWKRIP VHSDUDWHG VXUIDFHV7RGD\ LW VHUYHVPRUH WKDQYHKLFOHVGD\





EHLQJ LQWHUUXSWHGE\ WUDIILF OLJKWV ,Q WKH VHOHFWHG URXWH WKHUHDUH WZR9DULDEOH0HVVDJH6LJQV 906
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7KHHTXLSPHQWXVHGLQWKHVXUYH\ZDVYHU\FDUHIXOO\FKRVHQLQRUGHUWRSURGXFHWKHRSWLPDOTXDOLW\
FRPSOHWHQHVV DQG LQWHJULW\ RI UHVXOWV ,W LQFOXGHV D SDVVHQJHU YHKLFOH DQG D PRQLWRULQJ DQG UHFRUGLQJ
V\VWHPZKLFKGHWHFWVDQGUHFRUGVHYHU\VLQJOHPRYHPHQWRIWKHGULYHU¶VJD]HDQGWKHGULYHU¶VKHDG,WLV
FRPSRVHGRIWZRFDPHUDVIRUWKHUHFRUGLQJRIWKHDERYHDQGDQH[WHUQDOFDPHUDIRUWKHUHFRUGLQJRIWKH




,Q FDVH WKH VXEMHFWZDVZHDULQJ JODVVHV WKHRQO\GLIIHUHQFHZDV WKDW WKHUHPD\EHZDVQHFHVVDU\ WR
DYRLG UHIOHFWLRQV WKDW REVFXUH WKH H\HV RU H\H FRUQHUV 7KH W\SH DQG VHYHULW\ RI WKHP GLIIHUV EHWZHHQ
JODVVHV VR WKHUH LV QR KDUG UXOH IRU HOLPLQDWLQJ UHIOHFWLRQV 7KH JODVVHV RI WKH SDUWLFLSDQWV ZDV DQWL
UHIOHFWLQJ WKXV ZH FDQ¶W QRW FRPH WR D FRQFOXVLRQ IRU WKH JODVVHV WKDW ZDV QRW ,Q PRVW FDVHV LW ZDV










YHKLFOH )ROORZLQJ LW LV QHFHVVDU\ WRPDNH VRPH VHWWLQJV WKDW WKH V\VWHP UHTXLUHV IRU HDFK SDUWLFLSDQW
LQGLYLGXDOO\ LQ RUGHU WR FUHDWH D KHDGPRGHO RI HDFK GULYHUZKLFK LGHQWLILHV WKH SXSLOV RI WKH H\H DQG
FDWFKHVHYHU\VLQJOHPRYHPHQWRIWKHLUV7KHVHVHWWLQJVFRQFHUQWKHGULYHUDQGQRWWKHDGMXVWPHQWRIWKH
H\HWUDFNHUDVLWKDGEHHQLQVWDOOHGSHUPDQHQWO\LQWKHFDUEHIRUHWKHH[HFXWLRQRIWKHH[SHULPHQW7KHODVW

















DGYHUWLVHPHQW ELOOERDUGV RI WKH URXWH (DFK GULYHU GURYH WKH VHOHFWHG URXWH  WLPHV EXW ZH GHFLGHG WR
IRFXVRXUDWWHQWLRQDWWKHWKLUGRQHEHFDXVHRIWKHIDPLOLDUL]DWLRQRIWKHGULYHUZLWKWKHYHKLFOHZKLFKZH












































DQDO\]HG IURP WKH )DFHODE V\VWHP7KLVZDV DFFRPSOLVKHGE\ FUHDWLQJ DQG LQWURGXFLQJ DW WKHSURJUDP
)DFHODEDPRGHOZKLFKGHSLFWVWKHUHDOLQWHUQDOHQYLURQPHQWRIWKHH[SHULPHQWDOFDU)LJXUH)RUWKH











































7KH LQWHUDFWLRQV RI WKH JD]H DQG WKH YHKLFOH FKDUDFWHULVWLFV ZHUH LGHQWLILHG DQG DQDO\]HG WRZDUGV
GXUDWLRQDQGIUHTXHQF\'XULQJWKHRIWKHGULYLQJWLPHWKDW WKHJD]HRIWKHGULYHULVGLUHFWHGWRWKH
LQWHUQDO SDUW RI WKHYHKLFOH WKHGLVWULEXWLRQEHWZHHQ HOHPHQWV RI WKHYHKLFOH LV VKRZQ LQ WKH IROORZLQJ
GLDJUDPRI)LJXUH7KHUHVWRI WKH WLPHZDV VSHQW ORRNLQJRXWVLGHRI WKHYHKLFOH$VPHQWLRQHG
EHIRUHLWVKRXOGEHQRWHGWKDWQRWDOOGHVLJQDWHGYHKLFOHGDWDDUHH[DPLQHGDVFDXVHVRIGLVWUDFWLRQ6RPH
RIWKHPOLNHWKHUHDUOHIWDQGULJKWPLUURUVDQGDOVRWKHZLQGRZVFROOHFWSDUWRIWKHGULYHU¶VDWWHQWLRQLQ
RUGHU WR REVHUYH WKH GULYHU
V H[WHUQDO HQYLURQPHQW XQGHU WKH FRQWURO RI WKH SUHYDLOLQJ VLWXDWLRQ RQ WKH
VWUHHW+RZHYHUWKHDQDO\VLVSURYLGHVDQLQGLFDWLRQRIKRZWKHGULYHU¶VJD]HLVGLVWULEXWHGDPRQJWKHP
'LVFXVVLRQ
'LVWUDFWLRQ RI GULYHU¶V DWWHQWLRQ GXULQJ GULYLQJ LV DPDMRU URDG VDIHW\ SUREOHPZKLFK WKUHDWHQV QRW
RQO\WKHGULYHU¶VVDIHW\EXWDOVRWKHVDIHW\RIRWKHUGULYHUVDQGURDGXVHUV7KHIRFXVRIWKHUHVHDUFKRQ




IDFWRUV LQIOXHQFH WKH GLVWUDFWLRQ RI DWWHQWLRQ RI HDFK GULYHU IRFXVLQJ RQ WKH UROH SOD\HG E\ URDGVLGH
DGYHUWLVLQJ LQ*UHHFHDVDSDUDPHWHURI WKHGLVWUDFWLRQRI WKHGULYHU¶VDWWHQWLRQ$GGLWLRQDOO\ WKH VWXG\
H[DPLQHV WKHHIIHFWRIEDVLF LQWHUQDO VWDQGDUGHOHPHQWVRI WKH YHKLFOHRQ WKHGLVWUDFWLRQRI WKHGULYHU¶V
DWWHQWLRQ7KHFRQFOXVLRQVGUDZQIURPWKLVVXUYH\DUH
x 7KHPHWKRGVFRPPRQO\XVHGLQDVWXG\RIGULYHUGLVWUDFWLRQDUHQ¶WDOOIHDVLEOHRUHIIHFWLYHWRWKHVDPH
H[WHQW $IWHU D FRPSDUDWLYH DQDO\VLV EHWZHHQ WKH DYDLODEOH PHWKRGV ZKLFK LV DQDO\]HG LQ D SUHYLRXV
ZRUN WKH PHWKRG IRU GDWD FROOHFWLRQ FRQVLGHUHG WKH PRVW VXLWDEOH IHDVLEOH DQG HIIHFWLYH LQ RXU FDVH
EHORQJVWRWKHFDWHJRU\RIREVHUYDWLRQDOVWXGLHVZKLFKWDNHVSODFHLQWKHILHOGE\XVLQJVSHFLDOO\HTXLSSHG
YHKLFOHV 7KH\ DUH QDWXUDOLVWLF VWXGLHV LQ ZKLFK GULYHUV YROXQWHHU SDUWLFLSDWH WR WKH H[SHULPHQW 7KH
YHKLFOHVDUHHTXLSSHGZLWKFDPHUDVDQGVHQVRUVLQRUGHUWRFKHFNWKHGULYHU¶VGLVWUDFWLRQFRQWLQXRXVO\
x 7KH FKRVHQPHWKRG VHUYHV WKHJRDO RI WKLV VWXG\ DQG DOORZV WKH FRQWLQXRXVGDWD UHFRUGLQJZLWK LWV
PDLQDGYDQWDJHEHLQJWKHIDFW WKDWGULYLQJLVDVFORVHWRWKHUHDO WKLQJDVSRVVLEOH7KXV WKHUHVXOWVDUH
FKDUDFWHUL]HGE\DKLJKGHJUHHRIUHOLDELOLW\DQGYDOLGLW\$PRQJWKHPHWKRG¶VDGYDQWDJHVLVWKHIDFWWKDW
WKHODFNRIWLPHOLPLWDWLRQJLYHVWKHSRVVLELOLW\IRUDPRUHSUHFLVHVWXG\E\FROOHFWLQJDOOWKHGDWDWKDWLV
UHTXLUHG DQG QRW MXVW WKLV WKDW WKH WLPH DOORZV WR EH FROOHFWHG ,W DOVR JLYHV WKH RSSRUWXQLW\ WR WKH
SDUWLFLSDQWWRKDYHDQDGMXVWPHQWSHULRGZLWKWKHYHKLFOHLQRUGHUWRREWDLQDQRUPDOGULYLQJEHKDYLRU
x 7KHVPDOOSRVVLELOLW\RIWKHUHVHDUFKHUWRFRQWUROWKHVLWXDWLRQVDQGFUHDWHGHVLUDEOHGULYLQJVFHQDULRV




x $WWHQWLRQ VKRXOG EH SDLG LQ RUGHU WR PLQLPL]H WKH FRQVWUDLQWV WKDW UHVHDUFK LQHYLWDEO\ KDV ZKHQ
SODQQLQJDQGSHUIRUPLQJWKHH[SHULPHQWDOSURFHGXUH7KHPRVWLPSRUWDQWRIWKHPZKLFKPD\DIIHFWWKH
UHOLDELOLW\RIWKHUHVXOWVLVWKHXQNQRZQYHKLFOHZKLFKFDXVHVVWUHVVWRSDUWLFLSDQWVDQGPDNHVWKHPPRUH




PDMRULW\ RI WKH GULYHUV FDSWXUH WKH JD]H IRUPRUH WKDQ  VHFRQGVZLWK VLJQV LQ WKH UDZ DQGPRYLQJ
HOHPHQWVVLJQVHJYLGHRVLJQVFDXVLQJWKHJUHDWHUGLVWUDFWLRQ$OVRWKHPRUHFHQWUDOO\SRVLWLRQHGLQWKH
ILHOGRIYLVLRQWKHVLJQVDUHSODFHGWKHPRUHH\HFDWFKLQJWKH\DUH
x 7KHUH LV D QHHG WR UHODWH WKH GULYHUV¶ GLVWUDFWLRQ WR VSHFLILF DVSHFWV RI DGYHUWLVLQJ VLJQV VL]H
EULJKWQHVVPHVVDJHFRQWHQWSRVLWLRQE\WKHURDG
x 7KH UHVXOWV RI WKH VXUYH\ SURGXFHG DXWRPDWLFDOO\ E\ &DSWLYH VRIWZDUH DIWHU WKH VLPXODWLRQ RI WKH
FRFNSLW RI WKH FDU XVHG DW WKH H[SHULPHQWDO SURFHGXUH LQGLFDWH WKDW WKH GULYHU GLUHFWV KLV JD]HPRVWO\




x 0XFK RI WKH GDWD DQDO\VLV UHTXLUHV FROODERUDWLRQZLWK H[SHUWV VXFK DV SV\FKRORJLVWV DQG GRFWRUV LQ
RUGHUWRSURYLGHDQLQWHJUDWHGDSSURDFK
x ,Q*UHHFH UHVHDUFKRQ WKH LVVXHKDVQRWEHHQFRQGXFWHGVRIDUDQGZLOOEHKHOSIXO WRSURGXFH ORFDO
LQIRUPDWLRQDVWKH*UHHNURDGVGLIIHUVLJQLILFDQWO\IURPWKHFRUUHVSRQGLQJRIWKH8QLWHG6WDWHV&DQDGD
DQG$XVWUDOLDZKLFKDUHWKHFRXQWULHVWKDWKDYHLGHQWLILHGWKHRQO\UHVHDUFKRQWKHVXEMHFW)XUWKHUPRUH
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RQO\ WR LPSURYH WKH URDGDHVWKHWLFEXWDOVR WR VLJQLILFDQWO\ LPSURYH URDGVDIHW\E\HOLPLQDWLQJGULYHU¶V
YLVXDOGLVWUDFWLRQRIDWWHQWLRQ0LVRNHIDORXHWDO

7R VXP XS LW LV D IDFW WKDW GULYHU GLVWUDFWLRQ LV D PDMRU FDXVH RI DFFLGHQWV WKHUHIRUH WKH
UHVSRQVLELOLW\RYHUWKHLVVXHWUDQVODWHVLQWRHIIRUWVWRUHGXFHWKHQXPEHURILQMXUHGDQGGHDGGULYHUV7KLV
UHVHDUFK ZLOO EH H[WHQGHG LQ WKH IXWXUH WR 8UEDQ )UHHZD\V LQ WKH PDMRU *UHHN FLWLHV $WKHQV DQG
7KHVVDORQLNL EHFDXVH WKH JUHDW YDULHW\ RI LQIUDVWUXFWXUH FRQVWUXFWLRQV FRPELQHG ZLWK URDGVLGH
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